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ABSTRACT

The relationship between body wave magnitude (mb) and
surface wave magnitude (MS) is investigated using LRSM and
VELA Observatory recordings of explosions at NTS, and small
shallow earthquakes originating in Nevada, Alaska and central
United States. Average Ms Vs my curves based on data from
many observing stations, as well as MS vs my comparisons for
individual stations are given., The estimates of my and MS
were corrected for stations at small epicentral distances
using Evernden's and von Seggern's methods, respectively, in
order not to bias the results when only close in or regional
observations could be made.

Despite considerable scatter in individual MS vs m,
determinations the results obtained for earthquakes show that
on the average the relative excitation of P waves and Rayleigh
waves is similar for the three source regions considered.

Least squares regression lines were fit separately to
the observations of Ms vs my tor NTS explosions and to those
for small, shallow Nevada and Mijssouri earthguakes down to
MS = 2.6, The resulting slopes were very similar (1.04 + ,05
for explosions and 1,00 t 0,10 for earthquakes) but the inter-
cepts differed such that for given m the average Ms for NTS
explosions 15 0.62 to 0.65 smaller than for the earthquakes.
For new events drawn from the same population the Ms vs my
criterion can be expected to classify correctly 87.7% of NTS
explosions and 72.8% of Nevada earthquakes for which any
Rayleigh wave measurement can be made; however, several
correctly discriminated events would fall sufficiently

close to the best discriminant 1ine that further analysis
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of them would be needed before a convincing classification
could be made, If ore considers a restricted data set
consisting of a swarm of southeast Nevada earthquakes in ;
April 1966 and of contained NTS underground explosions,
then for new events from the same population recorded at
four or more stations with 3,6<m <5.04 for expliosions and
2.65mb54.2 for earthquakes, (2.77§Msg4.33), it can be
expected that 98.4% of the explosions and 99.0% of the
earthquakes will be correctly classified. But again, in a
practical sense no decision could be made for some
additional percentage of events,

These data are from regional and close in stations,
and it is not certain that the conclusions can be extra-

polated for these low magnitudes to future teleseismic
measurements made with new instruments and arrays, If a
discriminant of this power is reiied upon in a seismic t
region where there are several hundred earthquakes per year, .
then there will be several false alarms per year,
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§ ) INTRODUCTION

The purpose of this report is to define the relationship
between body wave magnitude (mb) and vertical Rayleigh wave
E! magnitude (Ms) for small, shallow earthquakes and NTS
F; explosions. In attempting to define this relationship, we
5' faced several important difficulties.

q

(1) Reliable magnitude estimates for small events from
conventional visual analysis of seismograms can be obtained
only from the close stations, This in turn presents two
additional difficulties: first, the distance correction for
surface wave magnitudes differs from the standard Gutenberg
correction applicable at teleseismic distances, and this
correction must be established for each region; second,
close-in P-wave magnitudes are difficult to obtain reliably
o because of the highly variable distance dependence of P-wave
€ amplitudes.

(2) The smaller the event the fewer the stations observing
the event and the smaller the signal-to-noise ratio at each
station. Hence the magnitude errors are larger for the very
small events. This is especially worrisome for earthquakes
where significant radiation patterns can be anticipated.

R LI

v We have attempted to circumvent these problems by using
‘w as nearly as possible a fixed array of receivers and a common
source region for both earthquakes and explosions so that the
influence of path and site loczation could be minimized or

removed. Stations covering a large range of azimuths were

- used whenever possible, to compensate for radiation pattern |
L effects, |
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Finally, reasonably large samples of earthquakes and
explosions spanning the P-wave magnitude range of 2.5 to 6.0
were analyzed to obtain statistical control on the relation
between body and surface wave magnitudes for the smaller
events.
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PROCEDURE AND DATA USED

Evaluating the relationship between MS and my for small
events necessitates measurements at small distances over
continental paths, In this study for the explosion data we
used shot reports from 48 Nevada Test Site explosions (Table 1)

recorded at LRSM and VELA station networks. Sinrce we are assured

of a common source region, we can look at P and Rayleigh wave
amplitudes at each station, thereby effectively eliminating
distance and site response factors in determining the rela-
tionship between these two phases as a function ¢f magnitude.
Also there is theoretical evidence to support the hypothesis
that source spectra for explosions are similar over a broad
range of magnitudes (von Seggern and Lambert. 1969). Therefore
we expect some systematic relationship pbetween MS and my to

be present for explosions.

Assuming dissimilar source spectra for earthquakes, we
selected many events from a source region sufficiently large
in area to include many possible source mechanisms, and yet
small enough that distance effects are relatively minor, In
this manner the mean ratio of P to Rayleigh wave amplitude can
be defined for earthquakes. The group of Nevada earthquakes
selected for analysis ranged in NOS P-wave magnitude from 3.6
{(or no estimate at all) to 5.2; however, as well be seen
later, the larger magnitudes appear to be overestimated, In
addition, recordings of 133 aftershocks from the Great Alaskan
earthquake of 1964 were analyzed on KN-UT and RK-ON records to
determine the empirical relationship between P and Rayleigh
waves transversing longer continental paths. To determine
whether there are strong regional differences in relative
excitation of P and Rayleigh waves for the areas studied we
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571 also compared the Ms/mb relationship for 18 Nevada and two
= Missouri earthquakes (Table II) to that obtained from the
Alaska source region.




VT e e P, W VTwe-y ey wew T ' S TyTeT o Bl diit il aads w2 W3 L Y

A ool ks e A bl B Y
S | a
. .

LA A e OTYTTS T Y

.

L_———mm T AYRY.IY NS PR UL T T TINE T OUN R TP 0 4 SN 1L O R RS AT T 1A O T S TR ol

METHOD OF MAGNITUDE CALCULATIONS

Gutenberg and Richter's (1956) definition of body wave
magnitude is accepted by practically all seismelogical
organizations as the standard; however, Evernden (1967)
showed that for distances less than 20° it is necessary to
adjust the distance correction factor to obtain magnitudes
consistent with teleseismic bodv wave magnitudes, He obtained
the empirical corrections applicable for the Western UnitedStates
and we have used his formulae for the determinations of my
at the nearer stations. In this paper we refer to adjusted
body wave magnitudes (mb) which combine teleseismic estimates
with values obtained at distances less than 20° using Evernden's
distance corrections,

It should be noted that the corrections for small epi-
central distances depend strongly oa the crust and upper mantle
structure which is known to vary substantially from region to
region, so the distance correction factors must be determined
separately for each source region of interest.

Calculation of the surface wave magnitude for events at
distances greater than 15° is based on Gutenberg's (1945)
formula:

MS = log Ay + 1.656 loga + 1,818 + C + D
where AH = 0,5 peak~-to-peak amplitude in microns at T = 20
seconds for the horizontal radial component of Rayleigh wave;
1.656 loga is the distance correction factor; A is measured in
degrees. This correction is limited to the distance range 15°
to 130°; C is the site correction factor; D is the correction




for depth of source, azimuth, etc., For this study we
assume that C and D are zero, and use the following relation
adopted by Geotech (1964):

MS = log (Az/T) + 1.66 loga - 0,18 }

where Az is the peak-to-peak amplitude in millimicrons, and

T is the corresponding period in seconds for the vertical
component of Rayleigh wave; A is the distance in degrees. These
two formulas are identical at T = 20 seconds. The Geotech
formula does not consider ellipticity (AH/AZ); however, for
periods in the range 15 to 17 seconds and an ellipticity of
0.8, the variationof MS (Ceotech) and Ms (Gutenberg) is only
+0.03 magnitude units. Since small magnitude events observed N

over continental paths have their maximum measurable ampli- 1
tudes in this range of periods, the Geotech formula is 1
compatible with Gutenberg's. ' |

It is important to note that this formula gives a magnitude
0.18 less than the NOS and Basham (1969) estimates. Their
formulas are:

NOS: Ms = log (A/T) + 1,66 loga + 3.3

where A is the distance in degrees and A/T = amplitude, zero to
peak in microns/sec;

Bashame MS = log (A/T) + 1,66 loga + 0.3

wnere A is the distance in degrees and A/T is the zero-to-peak

amplitude in millimicrons/sec.
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For distances less than 15° we use a modified distance
correction factor for surface waves (von 3eggern, 1970)
derived from Rayleiqgh wave amplitude measurements of 30 Nevada
Test Site explosions having four cr more Rayleigh wave ampli-
tude measurements at distances greater than 15°, *The resulting
data include 341 values of Ms at distances less than 15° and
240 values at distances greater than 15°,. *von Seggern has
tested statistically the hypcthesis that a single straight
line of the form MS = logs + C, determined by least squares
analysis would fit both populations better than would
two lines. This hypothesis is rejected at the 99,95% con-
fidence level., A least squares fit to the data from less
than 15° distance, normalized to a magnitude determined
from data at distances greater than 15°, provides a modified
magnitude (Mg) for distances less than 15°

M§ = log (A/T) + 1.16 loga + 0.74.

Although it is an approximation this expression gives
magnitudes consistent with teleseismic values. Therefore,
the vertical Rayleigh wave magnitude used in this paper

is termed "Adjusted MS" which is the average of all Mg and
MS for a given event,

*In Figure 1 these magnitudes are plotted as a function
of distance after the magnitude determined from measure-
ments at distances greater than 15° have been subtracted.




RESULTS AND DISCUSSION

Figure 2 shows the relationship of body wave magni-
tudes to Rayleigh wave magnitudes at KN-UT for 37 explo-
stons at an average distance of 2.55°, A1l the raw data
were taken from shot reports, A least squares linear fit
to the log of the respective amplitudes (in the form of
body and surface wave magnitudes) gives:

C =
Mokn © (1.03 + 0,09) Mmen - (1.13 + 0.49).

figure 3 shows the same picture at HN-ME for 19
explosions at an average distance of 36.6° with the
following results:

M‘S:HN = (0.97 + 0.14) m,, - (0.62 * 0.78).
The errors given for the slopes and intercepts through-
out this paper are 95% confidence 1imits, Basically

then, these results show that at a given distance the
surface wave magnitude 1is directly proportional to the
body wave magnitude for both near-in and teleseismic
distances, even though the surface waves decay differently
with distance in the two distance ranges. These distance
correction factors should be applied to both body and
surface wave magnitude estimates in order to obtain an
unbiased Ms vs my comparison of earthguakes and explo-
sicns of differgnt sizes in different renions,

Figure 4 shows average adjusted MS vs my data ‘or
47 Nevada Test Site explosions and a chemical explosion

-8-
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at Climax, Colorado, We shall return to this figure later

to discuss discrimination, Here we wish to concentrate on
the calculated slopes for explosions. The least squares fit
to these data uses 38 of 48 explosions. Nine explosions are
excluded which have three or less stations with surface wave
amplitude measurements, We also discarded PAR from the ana-
lysis because of its obvious anomalously low position., The
least squares fit to these 38 explosions gives:

Adjusted Hs = (1,04 + 0.05) my, = (0.74 + 0,24).

The m, range for the above results is 3,59 to 6.25 and the
variance of the fit may be attributed to factors such as the
partially variable network of LRSM recording stations from
event to> event, the different geologic media in which the
explosions took place, and errors in my and/or MS estimates
themselves. Further, there is evidence that at higher magni-
tudes (mb > §.8) the source spectra may change sufficiently to
perturb the linearity of the M_/m, slope (von Seggern and
Lambert, 1969). With regard to the seven explosions having
three or less stations receiving the long-period signal, we
would expect that these would be biased toward higher apparent
surface wave amplitudes and cause a large estimate of MS rela-
tive to My Six of the seven lie abhove the least-squares line,
and only one is below it (Figure 4),

On the other hand both the Ms and the m, for small earth-
quakes are biased toward higher values since there are only a
few stations with observable P waves in the cases where there
are only 2 or 3 surface wave measurements, That is, we are
using only the larger amplitude P and Rayleigh waves so the
bias is diagonally upward along the Ms = m, curve. Thus even
though the scatter increases there 1s no apparent tendancy
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for the earthquake Ms - my relationship to change its slope
as there is for the explosions. The result is to decrease
the mean discrimination capability. This can be seen 1in
Figure 4.

This is further verified for explosions and earthquakes
when comparisons ave made of recordings at common stations
for a large companion event, As ¢ first step in the comparison
we determine an MT for these events and their companion events,

S
M: is based on body-wave magnitude (i.e., M: = 1,04 m, - 0,74 for
explosions and MI = 1.00 m, + 0.06 for earthquakes). Further,

we determine for the larger companion event an Hs using the
same three or less stations that recorded the small event,
Computing ﬂs - MZ for both sets of events, Table V, we find
that five of the seven explosions with three or less

Rayleigh readings do have larger Rayleigh-wave magnitudes
relative to the companion event; Stutz is the exception, and
Pampas does not have an avent for comparison, The analysis for
earthquakes yields a similar answer, A1l but two M_ - MI for
the seven small earthquakes are greater than "s - ﬁg for the
larger companion event, When ﬁs - MI for the small events are
plotted as a function of “s - MI for the companion events, no
correlation is observed, Thus, our results are compatible with
the hypothesis that “random" effects or source differences
cause large amplitudes to be observed at certain stations.

The results are not compatible with the hypothesis that static
station effects cause large amplitudes at these statjons,

Included in Figure 4 are the mean error bars of MS and m,
for explosions in the m, ranges of 3.50 to 4.50, 4.51 to 5,50,
and 5,51 to 6.60; and for earthquakes in the m, ranges of 2,00
to 3.50, 3.51 to 5.0, and 5.01 to 5.65. The size of the error
bars reflect the standard deviation of the mean (i.e.,

«10-
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- n (Mi - M 1/2
om = g//mn = J [——] . Clearly, the error in magni-
i=1 n(n-1)

tude determinations for earthquakes increases with decreasing
size., This is not the case for explosions, The large explo-
sions show increasing error partially due to the fewer number
of stations used in the magnitude determinations for Benham
and partly due to large standard deviations of individual
station estimates,

The importance of the distance correction factor for
A < 15° is again emphasized in Figure 5. In this figure, we
show Ms (Geotech) vs my in which the correction factor 1,66
log 4 was applied for all distances. The least squares fit
to the same 38 explosions discussed above is

Mg = (1,21 +0,06) my - (1.89 + 0.28).

Basham (1969) obtained similar results (MP = 1,24 my =
1.76) for 26 Nevada explosions recorded by the Canadian
station network. The difference in intercepts (1.89 - 1.76 =
0.13) is largely due to the difference in the Ms formulation

(0.18) between Basham and Geotech (Magnitude Section),

Figure 6 shows the source regions for the aftershocks
from the Great Alaska earthquake, the Nevada earthquakes
and the Missouri earthquakes, The figure also shows the
locations of the stations used,

Figures 7 and 8 show the P wave and Rayleigh wave magni-
tudes observed at RK-ON and KN-UT from the Alaska source
region, A least squares fit to these data gives the following
results:

For RK-ON:

-]~
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Mcrk © (1.01 + 0.16) Mok = (0.05 + 0.74),

for 3.9 < Mok < 5.9,

For KN-UT:

NGKN = (0,97 ¢ 0,18) meN + (0,11 + 0.83),

for 3.8 < m, . < 5.6,

KN
Even though there is much scatter in both plots, the mean
slopes are remarkably similar,

Pomeroy (1967) shows a plot of log peak-to-peak Rayleigh
wave amplitudes in millimeters (uncorrected for instrument
response) versus NOS body wave magnitudes (mb = 3,6 to 5.3)
for 127 aftershocks from the Great Alaska earthquake recorded
at College, Alaska. Figure 9 shows a least squares fit to
these data giving:

log A(wm) = (1,01 ¢ 0,08) mNos " (3.42 * 0.34).

The epicentral distance varies for these events from 315 to
1045 km, However, by using a mean distance of 680 km (6.1°)
and the indicated instrumental gain of 1500 we can estimate
approximately the intercept values in terms of Ms and Mgz

"sCOL = 1,01 mNOS - (=0.78)
and the
c = -~
MsCOL 1.01 mNoS (z0.26).

In spite of the obvious scatter in Figure 9, the slope of
1,01 is essentially the same as the slopes determined at RK-ON

-12-
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and KN-UT, The actual value of the intercept depends on the
proper distance, distance correction factors and site correc-
tions for both body wave and Rayleigh wave amplitudes; however,
the approximate intercept shown for M§COL is comparable to
those obtained for RK-ON and KN-UT., The least squares fits to
the above data are summarized in Figure 10,

Thus, as for the Nevada Test Site explosions and Nevada
earthquakes, these Alaskan earthquakes (3.6 < m < 5.9)
observed at fixed distances give Rayleigh wave magnitudes
directly proportional to body wave magnitudes, but with con-
siderably greater scatter about the mean line., With the
appropriate distance corrections they may also show similar
intercepts for the "s vs m, curve,

Because of differing earthquake source mechanisms in any
specific source region, good azimuthal coverage of stations is
necessary to determine mean surface wave and body wave magnitudes
reliably. fFor the NHevada and Missour{ source regions we have
sufficient azimuthal coverage only at small distances (Figure 6).
In Figure 4, a least squares fit to the Nevada and Missourid
earthquakes combined, omitting events for which Ms was deter-
mined at three stations or less show:

Adjusted My = (1,00 + 0,10) m, + (0.06 + 0.32)

in the magnitude range 2.6 < my < 4.2, These results are con-
sistent withthose discussed eariier, which were obtained from
the Alaska source regfon at COL, RK-ON, and KN-UT, Figure 10.
Included in Figure 4 are twelve additional Western United States
earthquakes (4.7 < m, < 5.7) listed by Basham, 1969, The events
were recorded by ten or more Canadian stations and therefore

the effect on the mean magnitude due to including the three
stations at distances less than 15° is smaller than for the

13-
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cases where only a few teleseismic observations were used.
Further, we do not correct MS for the 0,18 difference in
surface wave formulations discussed previously, Thus, the
separation between the explosions and Bashams earthquakes is
enhanced somewhat.

We have also added to Figure 4 and listed in Table IV
Ms/mb for four earthquakes: two from Utah, one from Colorado,
and one from New Mexico, as well as two explosions, one from
Colorado and one from New Mexico. These data points closely
conform to those derived for the NTS events,

From these data it appears that a linear relationship
exists, with slope = 1,0, between MS and my for earthquakes
from m, = 2.6 to 4.9 and for explosions from m, = 3.6 to 5.4,
These results suggest that on the average both the explosion
and earthquake populations in Nevada approach the same linear
dependence and slope of MS vs my at small magnitudes but with
different intercepts, so that the population means are different
at each given magnitude in the range cited above. By con-
straining the slopes of Adjusted Ms vs my for both earthquakes
and explosions to be equal, the surface wave magnitude separa-
tion is 0.62, compared to 0.65 found by Basham from mostly
teleseismic observations, For the still smaller events, low
signal-to-noise ratios and fewer total observations cause all
the magnitude estimates to be suspect, so we can draw no con-
clusion concerning their Ms Vs my behavior,

Single statfion MS vs my observations

The question naturally arises whether the composite Ms/mb
data presented above is biased so that the event populations
do not separate to the degree suggested by the statistical
analysis. Low signal-to-nofse ratios, source spectral para-

-14-




meters or radiation patterns, and the limited station network
can certainly introduce some bias. But the fact that Basham
obtained a separation of 0.65 magnitude units from mostly
teleseismic measurements and a completely different station
network, compared to our difference of 0.62 magnitude units
(Figure 10), suggests that the separation is real. Further-
more, if differences in Ms vs my persist at single stations,
then regardless of any bias, the Ms/mb criterion for identi-
fication remains valid.

In this section we consider body-wave and Rayleigh-wave
amplitudes at MN-NV, KN-UT, and UBO for explosions and earth-
quakes., In the previous section all explosion data were taken
from shot reports. In this section all explosions were reana-
lyzed and care was taken to measure (whenever possible) the
same phase or cycle of P and Rayleigh waves for both explo-
sions and earthquakes. Figures 11 and 12 show seismic signals
of earthquakes and explosions recorded on the short-period
and long-period vertical instruments at MN-NV, Figure 13
shows the short-period signals at higher gains; measurements
of the same cycle of the P-wave is possible for the explo-
sions, but only for the initial portion of the signal, It
is clear that this is not usually the case for the earth-
quakes. However, the same cycle of Rayleigh waves can be
measured for both types of evaents. Therefore we expect that
much of the scatter in the data will be due to inconsistencies
of the P-wave amplitude measurements., This factor will be
discussed in more detail later,

A11 earthquakes were selected from the Preliminary
Determinations of Epicenters (NOS) event listing from January
1963 to January 1970. Fifty-four earthquakes were analyzed
which occurred around MN-NV, and thirty around KN-UT, between

-15=-




!: distances of 200 to 300 km, This distance range corres-
T ponds to the distances between Nevada explosions and the
o same stations., When the same distance criterion was attempted
Qf at UBO, most of the earthquakes listed were not large enough
!’ to be recorded. Accordingly at UBO the distance range was
f% set from 200 to 5900 km. Fifty-six earthquakes were analyzed
around UBO, and the amplitudes corrected for distance by use
of the body-wave and surface-wave magnitude formulas discussed
!l earlier, The event locations relative to the stations and
NTS are shown in Figure 14 and listed in Table III. No
attempt was made to include events common to all stations,
,‘ since we need only to fit the criteria of having the events
v in the indicated distance ranges and a large sample of events
over the magnitude range of 2.8 to 5.2 (NOS).

P-wave and Rayleigh wave amplitudes listed in Table III are

- shown in Figures 15 and 16 for MN-NV, KN-UT and magnitudes for
sg UBO in Figure 17, Although there is little overlap in the data
- there is clear separation between the least-square lines for

MN-NV and KN-UT. Of the 30 events recorded at KN-UT, five had
s no visible Rayleigh waves; of the 54 events recorded at
% MN-NV, four had no visible Rayleigh-waves; and of the 56
events recorded at UBO, 17 had no visible Rayleigh waves, In L
the least squares determination of MS vs my for KN-UT and
MN-NV no observations were included in the my magnitude range

— where some events had no visible Rayleigh waves; this limit
Qf is shown by the vertical dashed l1ine in Figures 15 and 16,
- We did not determine least squares lines for the populations
i7 at UBO because of the obvious lack of earthquakes with P

jt magnitudes equivalent to those of the explosions,

-
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therefore, for a slope of 1.0 it would be required
to use Evernden's (1967) corrections. When these
are not used, the expected slope is approximately
1.2. Also, the regression lines are poorly deter-
mined, in particular we feel (hat a slope of 1.2
is within reasonable confidence 1imits for all of
the lines in Figures 15 and 16.

1: . Note that these data are for the NTS region, and
5

There is apparent separation between populations at
single stations for the small magnitude events, but because
of the overlap and scatter of data points it is clear the
Ms/mb at one close in station alone is not adequate in
practice for identification, unless some other measurement

techniques such as spectral amplitudes can reduce the vari-
ance.

As stated previously, the usual problems associated
with amplitude measurements are involved here: low signal-
to-noise ratio, radiation pattern, and depth of source,
Site and path effects are minimal for the explosions
observed at single stations; however these effects for the
earthquakes studied obviously perturb both P and Rayleigh
amplitude measurements to a greater degree because of the
larger spatial distribution of epicenters (Figure 11).

The deviation at a single station due to variation in
either the Pn or Rayleigh measurement can b: demonstrated by
i;' plotting on one axis the amplitude for a given event predicted
- from its teleseismic magnitude using Evernden's (1967) or
S von Seggerns (1970) formulas as appropriate, Figures 18 and 19
show measured Pn amplitudes versus predicted Pn amplitudes at
KN-UT and MN-NV for 25 explosions. Figures 20 and 21 show
Rayleigh-wave amplitudes versus predicted Rayleigh-wave ampli-
tudes for the same stations. A least squares fit to these data

b A en dun 2En o o o
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give:
[Figure 18, KN-UT]:

log A/T (Pn) = -0.039 + 1,15 1og A/T (Predicted Pn)
0.32

and o
[Figure 19, MN-NV]:

log A/T (Pn) = -0.107 + 1.16 1og A/T (Predicted Pn)
and ¢ = 0,36

[Figure 20, KN-UT]:

log A/T (LR) = 0,044 + 0,975 1og A/T (Predicted LR)
0.20

and o

[Figure 21, MN-NV]:

AU 7 AR EROACATPCAC I, { ST
R N FE AT . R
. . N . N A ST

X

log A/T (LR) = 0.326 + 1.100 1og A/T (Predicted LR)
and ¢ = 0,26,

These comparisons of observed versus predicted amplitudes
show that there is less scatter for the Rayleigh-wave ampli-
tudes than for the Pn amplitudes at both stations. We carry
this comparison further and show measured Rayleigh amplitudes
versus predicted Pn amplitudes, and vice versa.

Note that if there is scatter for the abscissa data, then
slopes calculated by least squares may be too small because
the extreme points may be displaced laterally, In a particular
case there is no scatter then the slopes will be greater than
usually seen., This may explain the bias toward slopes greater
than 1,0 in Figures 18 through 21, The bias toward an incorrect
slope will be greater for small data sampies than for larger
ones.

Figures 22 and 23 show measured Rayleigh amplitudes

Loun et
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versus predicted Pn amplitudes at KN-UT and MN-NV, Figures
25 and 26 show predicted Rayleigh amplitudes versus actual
Pn amplitudes. A least squares fit to these data gives:

[Figure 22, KN-~UT]:

Log A/T(LR) = 0.160 + 1,178 log A/T (Pn Predicted)
and ¢ = 0,18,

[Figure 23, MN-NV]:

log A/T(LR) = -0,436 + 1,330 log A/T (Pn Predicted)
and ¢ = 0.30,

[“igure 24, KN-UT]:

log A/T(LR Predicted)
and o = 0,32,

0.799 + 0.810 log A/T (Pn)

[Figure 25, MN-NV]:

109 A/T(LR Predicted) = 0,789 + 0.77C 1og A/T (Pn)
and o = 0,34,

Thus, at toth stations where the Ppn amplitudes are based
upon teleseismic magnitudes, the standard deviation is less
than that obtained using the predicted Rayleigh amplitudes.
Also, the slopes are greater or less than 1.0 in accordance
with the argument above. At KN-UT a large portion of the
scatter is due to the Pn amplitudes, whereas for !-NV the
scatter seems to be about equallyv attributable to both Pn and
Rayleigh amplitude measurements, It is important to note also
that the mean of the slopes in Figures 22 and 24 for KN-UT is
0.994 ([1.178 + 0.810}/2 = 0.994) and i. Figures 23 and 25
for MN-NV s 1,008 ([1.330 + 0,770])/2 = 1.,050). This sugqgests
that the predicted MS is directly proportionai to predicted LI
and of course one expects this because Figure 4 shows a slope
of 1.04 for explosions.
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We now return to Figure 4 to finally determine the
expected discrimination power of the average Ms-mb dis-
criminant, We use the linear discriminant function with
equal a-priori probability, discussed recently by Shumway
and Blandford (1970). We first restrict the data set and
apply the analysis to the data in Figure 4 from Nevada
earthquakes and explosions alone. This excludes the events
in Missouri, Colorado, New Mexico and Utah; and all except
two of Basham's earthquakes, We also exclude Sedan (a
cratering shot), and Small Boy (an air shot). Then from
the resulting sample of 20 earthquakes two were misclassi-
fied: and from the sample of 45 explosions five were mis-
classified. Applying the technique described by Shumway and
Blandford (1970), for prediction of performance on new data
we obtain expected misclassification rates of 12.3% for the
Nevada explosions, and 27.2% for the Nevada earthquakes. In
figure 4 we have shown the best discrimination line for this
cetermination, These results are the worst we can expect
from these data since events having magnitude determinations
with three or less stations are included in the analysis,

Further, excluding all events having three or less sta-
tion magnitude determinations we arrive at tne data set in
Figure 26, One earthquake and one explosion are misclassified.
The expected misclassification rates on new data are 1,6% for
explosions and 0,9% for earthquakes.

In addition, it is reasonable tc constrain these Nevada
data to a Tower limit of MS = 2,77 since this s slightly
above the point at which some Rayleigh waves are not detected
for Nevada earthquakes. The upper limit is set at MS = 4,33
which conforms to the Nevada earthquake data analyzed for

-20-




‘f . this report and excludes the two earthquakes from Basham's %
data, As before we exclude all events with magnitudes
determined from three or less stations and SMALL BOY and

L SEDAN. Using these Nevada events in the magnitude range

Eﬂ 2,77 < M. < 4.33, (i.e. 2.6 < m < 4.2 earthquakes; 3.6

smy < 5.04 explosions) we misclassify no earthquakes and ]

no explosions; however, the estimated misclassification
rates on new data are 1,6% for explosions and 1.0% for

’! earthquakes. Inclusion of the New Mexico and Colorado

v explosions, and Colorado, New Mexico, Missouri and Utah
earthquakes does not change any of the avove expected

. misclassification rates.

-—v It should be emphasized however that all of the Nevada

earthquake data is from a swarm of events in Southeast Nevada,

approximately 10 by 10 km in area, and this data is the

. bulk of the total even when the events from other states

!5 are included. And of course the NTS region, though varied |

in its geology, has a small area.

R L IR
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CONCLUSIONS

1. For earthquakes in the magnitude range 2.6 < my
< 5,6, the relative excitation of Rayleigh waves and P
waves as indicated by the MS and my observations, appears
on the average to be similar for three different source
regions. That is, both the slope and intercept of the
fittea M3 Vs my curves are the same, to within the error
limits. However, we do not infer that this holds for every
source region,

2. Based on the least squares regression lines, Nevada
Test Site explosions of a given m, on the average give surface
wave magnitudes about 0,62 to 0.65 smaller than corresponding
P wave magnitude earthquakes in Nevada and Missouri, down to
magnitudes (mb) of 2.6. Although there is greater scatter in
observations for still smaller earthquakes the trend of MS vs my
does not appear to change in this range (2.6 < my < 3.6).

3. The lower magnitude limits for explosions and earth-
quakes are dependent upon the detectability of the Rayleigh
waves and scatter of the P and Rayleigh wave data due to
factors such as problems of radiation patterns, regional
variations, small S/N and small number of stations,

4, On the basis of the observations presented here and
Tinear discriminant analysis of the averages, the Ms Vs my
criterion can be expected to correctly classify 87.7% of NTS
explosions and 72,8% of southeast Nevada earthquakes for
which any Rayleigh wave measurement can be made,

Further, constraining the magnitude range to MS > 2.77,
(this constrains the earthquake ", > 2.60, and the explosion

P

.
I

T T ST v GOy



m, > 3.60), requiring Rayleigh wave measurements at four
or more stations, and applying the linear discriminant
analysis, the MS vs my criterion can be expected to
correctly classify 98.4% of explosions and 99.0% of
southeast Nevada earthquakes, Inclusion of the New Mexico
and Colorado explosions, Colorado, New Mexico, Missourt
and Utah earthquakes to the Nevada data does not change the
classification percentages indicated above. However, the
above results are based on the ability to make reliable
estimates of small event magnitudes. Reliable estimates
are highly dependent upon having numerous seismometers at
regional or short epicentral distances, high S/N ratios,
z 180° azimutha. control, and proper corrections for
regional propagation path effects, Furthermore the bulk
of the earthquake data comes from a single swarm of
southeast Nevada events,

The problem of detecting Rayleigh waves from small
magnitude events at teleseismic distances still exists,
There is, furthermore no direct evidence that, for small
magnitudes, the discrimination power of teleseismic
measurements is equal to that of regional measurements.
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. TABLE |
- .
N NAGNITUDES OF NLVADA TEST Si.E EXPLOSIONS
N DATE ADJUSTED ADJUSTED GESLOGIC
:_~ NAME Da Yr Y 8,0, n_ “_, $.0, n_ - My 5.D. MEDIUM
':: AUK 7 10 &4 4.50 0.51 31 3.52 0.35 7 3.97 0.21 TUFF
R BENHAM 19 12 68 $,89 1.11 6 5.52 0.48 [ 5.72 0.25 TUFF
BILBY 13 9 63 5,48 0.46 4l .7 0.27 27 $.12 0.20 TUFF
3 BOURBON 20 1 67 478 0.56 14 419 0.42 13 449 0.30 LIMESTONE
-;5 BOXCAR 20 4 68 6,14 0.40 19 5.42 0.47 16 5.86 0.35 RHYOLITE
‘ BROHZE 23 7 6% 487 0.48 3 414 [T 28 4.50 0.26 TUFF
o BUFF 36 12 65 4,87 0,43 25 4,00 0.32 20 4.21 0.22 TUFF
L CHARCOAL 10 9 65 4.82 0.29 19 3.84 0.32 17 4.00 0.19 TUFF
- CHAKTREUSE 6 S 66 5,08 0,87 21 4,11 0,24 18 4.33 0.21 RHYDLITE
. CLIMAX 23 s 64 3,89 0.58 13 2,36 0.27 9 2,91 0.17 MASSIVE GRANITE
. COMMODORE 20 s 67 $.40 0.8s 20 $.02 0.29 1?7 §.24 0.26 TUFF
R CORDUROY 312 es s.42  0.37 28 | a.s3 0.34 21 4.7 0.20 TUFF
-l cup 26 3 es 4.854 0.34 30 3.93 0.33 24 4,30 0.14 TUFF
- DES MOINES 13 6 62 3.89 0,39 9 3.3 ¢ 1 4.10 0 TUE!
- DILUTED WATERS 16 6 65 405 0.49 23 2.87 0.29 1 3.46 0.30 ALl
B DUMONT 19 5 66 $,27 0,50 22 4,47 0.30 18 4.69 0.23 TUFF
'.' DURYEA 14 4 66 4.82 0.43 21 4.00 0.40 17 4.8 0.26 RHYOLITE
- FAULTLESS 19 1 o8 6.25 0,23 18 5.60 0.37 12 5,04 v.31 TUFF (WATER SAT"
- FIShER 312 6l 3.68 0.¢1 21 2,61 0 1 . 0 ALLUV IUM
FOKRE 16 1 64 680 0.46 40 3.78 9.40 27 1 0.24 TUFF
. GREELEY 20 12 66 6.13 0.38 22 5.62 0.38 21 5.79 0.33 IEOLITIZEL TURF
K HARDHAT 15 2 ez 4,43 0.84 36 3.17 .42 1 3.74 .28 GRANITL
. HAYMAKER 27 6 62 4.34 0.57 18 3.$9 0.37 16 3.98 0.4 ALLUV UM
i . HALFBEAK 30 o 06 5.78 0.51 21 $.23 0.37 17 5.39 0.30 wiublit
! KLICKITAT 20 2 64 657 0,51 M 3,65 0.36 25 . 4,04 0.20 TUFF
R KNI1CKERBCCKER 26 s 67 §.22 0.38 14 4.49 0.3 13 4,78 0.3 RIYOLITE
\ MADISON 12 12 82 3.89 0.46 18 3.3 0.42 3 5.89 0.30 TUFF
- MARSHMALLOW 28 6 62 4,0] 0.31 21 .76 0.45 6 3.39 0.45 TUFF
MERRIMAC 13 7 62 3.73 0.51 15 2.84 0.41 7 3.48 0.3 ALLUVIUM
MINK 29 10 61 2.93 0.17 6 2,16 0 1 2.67 0 ALLUV 1UM
MISSISSIPPI s 10 62 4,70 0.43 53 7 0.35 38 4,02 0,28 TUFF
2 NASH 19 1 67 493 0.54 15 | 3.63 .55 7 “u 0.44 TUHF
) PALANQUIN 14 4 s 3.78 0.30 18 2.67 0.3 10 3.20 0.25 RHYOLITE
- PAMPAS 1 3 ez 3.74 0.33 19 2,74 0.47 2 3.54 0.3% ALLUVIUM
2 PAR 9 10 o4 444 0,41 32 2,55 0.2§ 17 3.13 0.23 TUFF
PILEDRIVER 2 6 <6 $.32 0.87 22 4,24 0.42 18 4“0 0,29 GRANITE
. PINSTRIPE 28 & 66 4,09 0,59 15 3.2 0.42 12 3.53 e,23 TUFT
"A RLD HOT 3 366 3.47 0,45 11 2,18 0 1 3.05 0 TUFF
4 REX 24 2 86 4.92 0.40 21 4.90 0.51 9 427 0,25 TUFF
- SCOTCH 23 s 67 5.39 0.52 21 4,99 0.40 18 $.21 0.31 RUYOLITE
SCROLL 23 4« 68 3.89 0.46 15 2,41 0.64 [ 3,06 0.s7 VITRIC TUFF
SEDAN ¢ 7 62 697 0.88 17 3.56 0.36 21 3.96 0.19 ALLUYIUM
SMALLBOY 14 7 62 2,86 0.65 3 2.60 0 ] 3.18 0 ALK
STUTZ 6 U 1 4,15 0.32 17 2,49 0.08 3 2.87 0,14 ALLUY TUM
BN TAN 3 6 66 $.30 0 44 22 | 427 0.32 2 4,48 0.23 TUFF
w TURF 24 Y 4,59 0.51 36 3,72 0.38 32 4.06 0.26 ALLUY UM
- WAGTAIL 3 3 8S 5.03 0.51 32 3.84 0.32 19 4,206 0,14 TUFF
WI5HBONE 18 2 6S 3.97 0.43 32 2.78 0.29 12 3.3 0,27 ALLUYIUM
[ J
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19
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14
22
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21
21
21
02
16
8
6
16
8
)
S0
(1]
04

19
19
19
20
20
20
20
20
20
21

21

21

21

21

22
22
22
22
23
23
23
26
06
1]
os

os
09
09

10

10

10

Jun
Aug
Aug
Aug
Avg
Aug
Aug
Ssp
Sep
Sep
Dec
Dec
Dec
Jan
Fesb
Mar
Apr
Apr
Apr
Apr
Apr
May
May
Dac
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Jan
Jan
Jan
J;n
Jan
Jan
Jan
Jan
Jan

Date

[H
66
66
66
(1]
(1]
66
[ 1]
66
66
(1]
66
66
67
67
68
(1)
(1)
(1]
68
(1)
(1]
(1]
(1]
(1)
(1)
(1]
o8
(1]
(1)
[1)
68
68
o8
o8
68
68
68
68
(1)
[1]
68
(1]
68
68
69
o9
69
69
o9
69
69
69
69

Origin

0s
23
09
1
17
10
os
22
19
11
02
06
14
09
15
11
15
16
04
16
07
23
23
19
19
22
0l
17
01
17
20
23
03
15
18
17
19
[
09
18
23
05
0s
09
(3]
06
11
20
21
00
(1}
09
17
17

14
07
1$
00
38
$1
27
40
$9
$6
14
02
3
11
0s
u
LY
38
23
3s
49
n
28
19
54
23

01,0
$9.0
4,9
38.2
06,4
58,8
30,2
16.4
40,2
09.7
6.8
0s,$
19,6
02,2
$3.1
07.1
1.0
17.0
4.0
i7,0
03.0
10,0
45,0
19.6
01,2
26,3
02.7
45,1
08,2
07,¢
20,4
17.1
42,2
89,8
ia.8
14.3
34,1
$4.7
$4,7
§3.1
29.1
02,9
03,7
30.1
46,1
14,8
51,9
§7.4
22.4
18,0
36,0
1.8
“.s
17.2

TABLE II1A

Earthquake List for MN-NV

North West
Lstitude(’) Longitude(’)
31.3 116.0
37.3 114,1
37.% 114,1
37.3 114.2
37.4 114.2
37.4 114.1
37,3 114.2
3.5 120.$
37.3 114.1
37.3 114,2
37.4 116.5
37.3 116.5
37.3 116.4
37.4 114,2
37.4 114.2
38.6 120.7
3.2 116,58
37,2 116.5
37.2 116.5
37.1 116,48
37.3 116.3
37.3 116,06
37.2 116.4
7.3 116.4
37.2 116.5
37.2 116.5
37.3 116.5
3.3 116.%
3.3 116,4
3.3 1J6.5
37.2 1le,$
37.2 116.5
37,3 116.5
37.3 116.5
37.2 116.5
7.3 116.3
37,3 116.5
7.2 116.5
37.4 116,33
37,2 116,5
31.3 116.4
n.2 116.$
37.3 116.%
37.3 116.5
37.3 116.8%
37,3 11e,$
37,3 116.5
37.3% 116.8
37,2 116,06
37,2 116,5
37.3 116, 4
37.2 116.5
7.2 116,58
37.2 116,5

10.3
s.l
27.3
10,1
3.9
23.9
M.S
11,1
20.6
80.4
8.7
9.8
16.0
16.9
17,3
$1.9
696.0
$08.0
$9.0
5.2
33.4
$,0
3.3
11¢,1
387.2
480.7
7.8
14.0
13.7
7.0
78.8
12.7
4.5
56.4
26.8
11.3
28.2
4.2
53.2
197.0
$.4
11,0
18.1
11.0
2.4
676.0
9.6
21.4
22.2
1.3
3.9
53.13
21.3
63.8

7.6

15.8
16,0
20.4
98.6
12%.1
23.7
4.0
15.5
30.5
3956.,0
3.9
3.0
40.3
16.0
13.1
298.9
189.8
110.8

NOS
T

.

Y I R
bo = &

$.2
4.5
4.8
4.9
4.7
4.5
3.8

3.0
4.4
4.5
4.4
4“0
4.9
4.0
3.7
4.2
3.0
3.7
4.1
4.3
5.0
3.8
.8
3.3
3.8
4.2
3.9
3.6
4.0
3.9
3.4
4.1
L1
4.2
4.2
3.9
3.9
3.8
3.9
3.9
4.6
3.9
4.0
3.9
41
3.9
4.4
4.4
4.3

Coament
——

C w/KNeUT

o

C « Common
N = No Rayleigh Wave
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TABLE IIIB

Earthquake List for KN-UT

North
Date Origin Latitude(®)

21 Dec 63 03 02 23,0 39,3
28 Dec 63 14 26 19,6 39.2
28 Dec 63 15 50 14,2 39.1
29 Dec 63 04 06 12,2 3.1
29 Dec 63 04 15 03,8 39.1
29 Dec 63 06 38 $8,2 39.1
07 Jan 64 11 SS 34,2 39.2
07 Jan 64 12 53 47,8 3.1
21 Jan 64 23 31 42.3 3.2
0S Mar 64 12 40 S2,8 39,2
12 Aug 64 0S5 04 $0,9 39.4
21 Aug 64 22 03 S1,6 37.0
03 May 65 03 30 30,1 36,0
0s Jul 65 17 17 07,2 9.3
17 Nov 6§ 09 41 28.3 37.6
06 Apr 66 17 56 31,7 37.3
11 Dec 67 0z 35 21.1 37.2
11 Mar 68 07 34 24,2 37.0
26 Apr 68 15 32 21,0 37.2
28 Apr 68 04 23 40,0 37.2
28 Apr 68 16 35 17,0 37,2
30 Apr 68 07 49 03,0 37.3
04 Aug 68 06 23 36,4 39,1
19 Dec 68 19 18 19,6 37.3
19 Dec 68 19 54 01,2 37.2
19 Dec 68 22 23 26,3 37.2
21 Der 68 03 38 42,2 37.3
23 Dec 68 0S5 44 02,9 37.2
10 Jan 69 17 0) 44,5 57.2
10 Jan 69 17 14 17,2 37.2

West - 0-P

Longitude(®) P LR
114,38 6.0 .-
114,2 8.2 --
114,1 6.1 .-
114.2 $.5 142,1
114.3 45,5 ss.1
114.2 2.9 35.1
114,2 23.2 63,2
114,2 16,9 63,2
114,2 20 1066
114.2 7.5 55.9
112,0 7.0 30,3
115.1 7.3 -
114.7 30,6 93.4
11,5 1.9 22,0
115.2 10.1 171.1
115.4 1.1 15,0
115.2 10,7 --
1158 9.5 22.4
116.5 245.0 2050.0
116.5 42.1  66.1
116,58 31.0 40,8
116.3 101.7 72,2
111.4 5.5 23.2
116.4 159.9 36,2
116.5 $3.3 207.0
116.5 324.0 1098.0
116.5 4.6 6.0
116.5 6.7 43,3
116.5 19,3 103.0
116.5 24,3 264,0

Comment

C
N

(2]

o

O 60O 6000

w/UBO

w/MN-NV

C = Common
N = No Rayleigh Wave




TABLE 111C
Earthquake List for UBO

: . North West Adi"’IEJ Mt :ns
. Date Origin Latitude(®) Longitude(®) b s h Comments
25 Feb 63 18 45 15,1 42,8 109.0 .11 2.65 4,3
09 Jul 63 15 20 46.0 39.8 111.8 1.8% . 3.6 N
14 Aug 63 12 30 06,0 4.5 . N2 3.9 2,711 3.7
16 Aug 63 03 21 08.7 39.7 112.1 3.68 2,73 3.4
16 Aug 63 07 01 03,7 a.s 112.2 2,56 - 3.6 N
17 Aug 63 05 09 11,1 41,4 112.2 2.90 .- 3.5 N
. 24 Aug 63 03 15 49.8 40,8 112.0 _ o 2.51 -- 3. N
: 28 Aug 63 00 13 12,9 0.9 111.9 2.11 -- 3.4 N
30 Sep 65 09 17 42.2 3.0 11,0 1.03 3.80 4.5
’ 04 Aug 64 11 13 25,0 9.7 106.0 2.% 2.77 4.0
12 Aug 64 05 04 $0.9 39,4 112,0 2,07 2.40 3.9 C w/KkNeUr
I 16 Fob 65 20 17 54,0 3.9 105.1 2.3 -- 4“0 I8
16 Feb 65 22 21 44,0 39.9 10s.0 2.2% 3.20 4.9
; 11 May 65 0i 50 25.0 a@.0 111.5 2.71 .- 4.1 N
: 30 May 65 17 3 04,0 39.4 106.3 3.27 3,12 4.3
18 Jul 65 21 40 4S.0 39,6 104,9 3,08 .- 4.0 N
: 29 Jul 65 08 25 53,0 43.2 1.8 2.43 2.67 4,0
: 31 Jul 65 13 41 43,0 39,7 104.3 2.70 2,56 4.6
' 29 Sep 65 18 59 56.0 39.8 108.1 3.42 3.50 4.7
: 29 Sep 65 19 20 41.0 9.7 104.9 2.94 2.8¢ 4.6
29 Sep 65 23 22 $8.0 39,7 104,9 3.7 - 4.6 S
. 24 Dec 65 10 05 04,5 42,7 10,7 2,13 - 3.9 N
: 11 Feb 66 20 36 25.9 42.1 111.4 2,46 2,73 3,3
. 12 Feb 66 09 52 39,0 42,3 1.2 1.7% 2,33 3.2
i, 03 Apr 66 16 21 33,8 39,3 106.4 3.23 2.7 4.0
i 19 May 66 00 26 44,0 37.0 7.2 3.23 2.58 4.6
. 02 Jun 66 21 59 12,0 36,9 107.0 3,27 2,41 5,0
11 Jun 66 10 19 27,0 43,1 111.1 2,36 .- 3.4 N
! 21 Oct 66 07 13 52,0 8.2 113.1 3.32 3.28 4,9
. 14 Nov 60 20 02 35.8 39,9 104,7 3,42 2.95 4,2
X 16 Jan 67 09 22 45.7 37.7 107.8 . 2.81 4.
I 03 Feb 67 0% 27 58,0 39,7 104.8 3.02 2.806 4,3
10 Mar 67 02 20 35,4 2.0 110.2 2.13 -- 4.1 N
04 Apr 67 22 53 39,6 38,3 107,7 2.1 2.81 4.5
‘ 27 Apr 67 17 24 41,7 39.9 104.7 3.63 3.1 4.4
. 09 Aug 67 13 25 06.2 39.9 104.7 3.80 4.2 5.3
24 Sep 67 05 00 28,0 40,7 12,1 2,64 2,60 3,7
. 17 Nov 67 08 09 22,7 40,0 104,7 3.58 313 5,2
' 27 Nov 67 05 35 00,7 9.0 104.7 3.61 340 4.4
- 09 Jan 68 02 16 39,3 42,7 106.8 3,68 2,95 3.8
! 16 Jan 68 08 58 44,0 3.3 112.1 2.n9 .73 4.
: 16 Jan 68 09 17 52,3 39.3 12.1 1.4 2.54 3,9
16 Jan 680 0% 42 $4,2 39,2 112.0 7.84 3.16 4.0
17 Jan 60 04 27 le.l 3.3 1n2.2 2.67 2.%0 2.8
; 20 Mar 68 15 33 07.0 37.8 12.3 2.3 . 3.9 N
. 16 Nov 68 03 81 22.4 43,7 110,12 2,89 2.88 3,9
23 May 69 05 24 $3.6 39,0 11,9 2,55 - .0 N
: 18 .Jun 69 04 26 37,7 38,7 112,72 2,00 . 4.1
- 30 Jun 49 12 05 52.3 42,7 1.2 2,23 2,88 3,7
27 Aug 69 15 S9 18,4 42,9 110,8 2,67 2.86 4.2
. 19 Sep 69 09 31 45.9 43,1 11,4 3,08 2,92 4,1
’ 19 Sep 69 13 33 15,0 43,0 11,4 2,06 3,47 4.5
i e 19 Sep 69 19 S7 18,7 43,0 11,3 2,28 3,05 4,3
19 Sep 69 23 S8 06,% 43,0 1.8 2,81 -- 3,9
. 20 Sep 49 09 12 06,7 43,1 1.4 2,30 . 5,0
S, 13 Sep 69 12 88 13,§ 42,9 11,8 2.71 2,78 3u C - Common

N e No Rayleigh Wave
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13 ABITRACT 1), relationship between body wave magnitude (mp) end surface wuve magnitude (Mg) is investigsted
ustn? LRSM and VELA Observatory recordings of explosions at NTS, snd small shallow ecarthquakes
originating in Nevada, Alssks and central United States, Average Mg vs my curves based on data from
many observing stations, as well as Mg vs mp comparisons for individusl stations sre given. The
estimates of mp and Mg were corrected for stations at smsll epicentral distences using Evernden’s and
von Seggern's methods, respectively, in order not to bias the results when only clase in or regionsl
observations could be made.

Del[ile considerable scatter in individual Mg vs mp determinstions the results obtained for

esrthquikes show that on the Avorc!e the relative excitation of P waves and Rayleigh waves is sisilar

for the three source reégions consldered.

Least squares regression lines were fit separstely to the observations of My vs ap for NTS
» explosions and to those for small, shallow Nevada and Missouri earthquakes down to My = 2.6, The
- resulting slopes wcre very similar (1,04 : .05 for explosions and 1.00 ¢ 0.10 for earthquakes) but
. the intercepts differed such thst for given mp the average My for NTS explosions is 0,62 to 0,65
.. snaller than for the ecarthquakes. For new cvents drawn from the same gopuluzion the M, vs ap criterion

can be expected to classify correctly 87,7% of NTS explosions and 72.8% oi Nevads earthquakes for
which sny Rayleigh wave messurement can be made; however, several correctly discriminated events
would fall sufficiently close to tha best discriminant 1{ne that further snalysis of them would be
needed before a convincing classification could be made. If one considers s restricted dats set
consisting of a swarm of southeast Nevadas esrthquakes in April 1966 and of contajned NTS underground

. explosions, then for new events from the ssme population recorded at four or more stations wit

» 3,6<mpc5,04 for explosions and 1.6<mp<d.2 for earthquakes, (2.77¢<Mgqc4.33), it can be expecred that

98.Ty Gf the explosions snd 99,01 Gf The earthquakes will be corTectly classified. But sgain, in a

practical sense no decision could be made for some additional percentage of events,

These dsts sre from regional and close in stations, and it 1s not certsin that the conclusions
can be extrapolated for these low magnitudes to future teleseismic measurements mede with new
instrument: snd arveys. If a discriminant of this power is relied upon in a seissic region where
theie sre several hundred esrthquakes per year, then there will be scveral fslse alsres per ycar.
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